
Merril Eisenbud 
751 Bayberry Drive 

Chapel Hill, N.C. 27514 
FAX/TEL 919-967-456 1 

June 16 1992 . 

Mr. C. Rick Jones, Director 
Office of Health Physics and 

Ind.Hyg,Programs 
U.S.D.O,E. EH-41 
Washington D-C. 20585 

Dear Rick: 

My visit to CIEMET went very smoothly, and I was able to 
obtain the information I needed in one day, rather than two 
days, as we had originally planned. I appreciate your role 
in making the arrangements for me. 

My trip report is attached. As I noted in the report, I did 
not attempt to summarize all the information they now have, 
as they will have their detailed status report ready in 
another few weeks. They are planning to have it in your 
hands by the end of July- 

I am of the opinion that the information from Palomares can 
be useful in the Rocky Flats case, but the decision will 
ultimately be made by the attorneys. I have told Kirkland 
and Ellis that if they plan to pursue the matter further, 
they should arrange for their experts to meet with the 
CIEMET group when they are in Washington. Either they or I 
will be in touch with you if they should so decide. 

I continue to be impressed with the quality of the CIEMET 
team. I do think, as noted in my report, that they should 
estimate the amount of Pu and Am present in the contaminated 
area, and was told they could do so in a few months. I hope 
this will be on your agenda when you meet with them. 

Once again, my thanks to you and Tom Bell for your help in 
arranging for my visit. 

cc: Robert Morris, Madrid Embassy 
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HIGHLIGHTS--GF THE STUDIES BEING CONDUCTED IN -._-- 
‘ALOMARES , SPA IN 

NOTE: This report is based on a review of the published reports of 
Emilio Irenzo and his associates (1 - 6). and conferences with them 
in Madrid on September 8-9 1988 and June 8 1992. I have drawn heavily 
on the report I prepared for NASA in 1988 (7). since 
much of the background material is directly applicable to the 
question of whether the Palomares data are relevent to 
Rocky Flats. The Palomares investigators are currently preparing a 
project summary that will be delivered to DOE by the end of July. 

INTRODUCTION --______ 

In January 1966, two U.S. Air Force aircraft crashed during a 
refueling exercise over the village of Palomares, near Cuevos de 
Almonzora on the southeastern coast of Spain. Of four 
thermonuclear weapons that fell with the wreckage, one was 
recovered intact from the Mediterranean Sea after a three month 
search, one was recovered intact from nearby fields where it 
landed by parachute, and two were des’troyed by ignition of the 
chemical explosives contained in the weapons. Plutonium 239 was 
scattered by the explosion. The plutonium ignited, resulting in 
a cloud of plutonium oxide fume that was dispersed by a 30 knot 
wind from the west, and resulted in contamination of 226 hectares 
<about 0.87 square milesi of residential areas, farm land, and 
woods. The accident occurred in an area where the iields were 
farmed intensively. primarily for tomatoes, the iast seasonal crop 
of which was ready for harvest. 

initial Countermeasures ---.---.-_- ---- The initial levels of pl&onium 
contamination, after removal of visible bomb fragments is shown in 
Figure 1. U.S. Airforce and Spanish personnel cooperated in ttbr 
c 1 eanup , and following radiological surveys of ,the area. it -was 
decided to proceed according to the following criteria; 

1. Soil contaminated above 32.4 uCi per square meter was 
removed, barreied, and shipped to the United States for 
burial at Savannah River. The area requiring treatment total led 
2.2 hectares, from which six thousand 250 liter drums of soil were 
removed. 

2. Arable land below 32.4 uCi per square meter was 
mixed by plowing and harrowing to a depth of 30 cm- Seventeen 
hectares were treated in this way. 

3. On rocky hillsides, where plowing was not practical, 
and the deposition was greater than 3.24 uCi per square meter, 
the soil was removed with hand tools and drummed for shipment to the 
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Un’i ted States _ 

Uhen these decontamination objectives were achievec. .1 
suf-ve-i 1 iaf7ce pr-C:,g;‘dllc w,cjS established to motlitor thC ai;- , soil. 
vegetation, farfn an i ma i 5 , and people for plutoniui~~ &,c hundr-ed 
arbtj i ifty i-esiderlts we: year have been taker-, to Pi&cl1 I .Y for medic;i-r? 
examinations, whuie bocly counting, and urine analyz.;s For 
plutonium. The progl-am has been costing about $1 .Cl!‘!C,C30 per year-. of 
which $200,000 &as provided, until recently, by the 
O~pdi~tr~ll~lli of Energy. At the time of my 1986 vis?i 1 learned 
that the GOE contribution had been discontinued wi t.i;out 
exP3anat~iori. but upori my return I was told by GGE Cha I. i t was a ttimpor.ary 
pr-oblem that wou‘ld soon be resoived. This proved r>;,t to oe the case. 
bcr- irlg prey iminary ci is*:ussions w’i th GGE preparator \ t; my i-eierlt visit ! 
7 reb:-nelr that the .intet-r..crpt ion in support coat i nued ur; +-<I 7 tha Fa 1 i 
Gf :gz;, at wi;ich time 2 $500 ,CL2 contribution by i:X LO the 
program was made. a:~d ihat continuity of su~pork S~WIIS to be 
assured iG:- the immediate future 

The stlrve i i 1 ante prcgrallt has now been in efiect iol- about twenty- 
- . 
T : we years, and the findings have been sunmar-ized in ~1 number- of 
p4Jbi iCdtiGnS( l-6) _ Gr- Genii 1 i0 Ii-enz0. uf ii-se Centt-c, de inVeStg&t icnes 

. _ 
tnerger>cas Medioambiojmb;entaies y Technologicas i.CiCMAT) d’lrecte.3 
the iI-,vustigations from their inception untii he a-<=tired about two 
y.ea:-5 ago - His posit i 01’1 -is now held by G:- _ Jose C1.i 1. isi. ;-ez . Grs _ 
fut ierrez and ir-enzc# wee-e both present during my v ~5 ii. of June 8. 

GE has : equested ttlat a summary of the project fi;,di:l*gs to date be 
propsred in English and submitted to the Off ice of Elf*., II-onment, 
iafFty, and Hea 1 th th i 5 summer . At the t imr of my k.i 5 I i i lear-!le;; ihat the 
repoz-t is expected to be ready in July, and wil i bt. h*rlJ de1 ivered in 
Washin~L~n by the end :rf the month. 

5~tr1mary of Environmental Studies --.- -...- _________.___.___.__. --_. - ____- -2 

T:;e soils of PaTtimares are derived from sandstone witi1 a clay 
Conte;‘;t tmuscovite-illite) of 39%- The sand conterl: is 43%. and 
trie .;:-~anic s&r-ton coni.ent is 0.27% of whjci-r about ?:dji is p;-eserlt 3s 
humic acids, which 61-e known to complex with plutofiiull: and 
;ii;rease its mobiliration rate. studies of the ihe p;dtonium ccnlent 
3 I- t-rie soi 1 have beer> u::derway since 1566 in rice s : x siudy 9 lots 
(50 m-n 50 M-j sinown if8 ,F igure : _ Vegetation froin -Lilt2 p 1 ots are 
also analyzed kg.3 deier-mine the extent of p’l,Jtonium 4ptak.e as weT’i 
- - the amount of contamination on the surface of tr:e plants. 0 5 

A toiai of ‘iii56 samples of soils have been colle~ieti and ana lyred 
since 1966. The samples were collected to a depin of 45 cm. anJ 
separated by phi-title size into eight fractions wh ;ctl were analyzed 
separately. Xl-iquots are digested in HF and HNG3 pr*ivc to piutonium 
separa t i on , electrodeposition, and counting by a’i~,ila spectrometry _ 
Eeca~se Amer.icium 239 builds into F’iutonium 239, nleas,Jruments of ti:at 
IICIL~ -icr we!-e aTso ntatie so that the comparat .I ve behr:v ; ;.ii‘ of irIle iwo 
actinide elements -could be stud.ied. The Americium c.esLd its wili not 
be discussed in this repot-t. 
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Af’~er rlore t!:an twenty years, more than 99% of -Lhti p~i~~JtOIl~Ufll iii 
Lint i i ‘ied soils has remalr;eci Hithin a depth of five <I:# i4j. if, az 
WdS like?y. ttle pd:-.i ‘,c-1 es were or- iginal i y formed 3 >. 
a furlIe irvm tha Burr-;, ir-,~ metal , ai:b would tiiarefor r ;;= irltroducrcI ;rlio 
the environment as Ii81r particies (< lumj, they tiY\ir: iti have soorb attacited 
tilhmse 1 vTS to 1 jr ger ptil- t i c les that wou 1 C! ther-eai trr- c-*term i ne the 1 I. 
aei-odyrlami c beiiav 3or _ ijslng autoradiographic methtiiis, iC has bee:, I wund 
that most of the piutonium is associated with soil particies tco iarge 
to be respirsbie. the iargest iraction being in the pclr-title s;ir range 
of 63 - 250 uin. About 3% of the pluton-ium is assoc;eirad with 
particles x Sum in heaA;y cultivated soiis. and c 3% -if-9 more 
lightly cultivated soiis. This shouid greatly reduce resuspension, since 
the aerodynamic behavior of the Pu will be determ-itiled 1;~ the s.;~e and mass 
of the host Particles. 

If, as was likely, the particles were originally formed as 
a’ fume ircm the burnins metal, and’would therefore be introduced into 
the environment as fine particles (C lum), they would have soon attached 
themselves to Targer particles that would thereaitet. Jetermine tileir 
aerodynamic behavior. Using autoradiograph;c methods, it has been found 
that most .oi the plutonium is associated with soil pd:-iicles to: large 
to be respirable, the iar-gest fract<on being in the ptr.tis:e size range 
01' 65 - 251: um. Asout 9% of the piutoriium is ass::,.: ~d~rti with 
particjes c 5um -in heavily cultivated so-i-is, 3n3 k 3% if1 mor2 
i ,isht?y cditivated ~05;s. This should great19 r-ec;u::s .-esuspensiorl, since 
the Jerodynam ic brhavior- of the PU wil 1 be det,errn~~rluG r;y the s irt. a:ld mass 

oi the host Particles. 

The mean rainfal: in Palomares is only 20 cm/‘yr, w!,ici: is not 
greatly d’ liferent ii-om kocky Fiats (35 cm/lyr-j. 

Cons ;der-ab 1 e effort has been expended in studying the i ;-if lunce c i 
minersfogical fdc;iors ori the distribut ‘ton il;f Pu o,,..I r.i:, . 
The concentrations are greatest with fragme:lts of .Irorl hydroxide. 
lessor- amounts with carbonates, and the lawuest anscur~tis with ‘tile 
micaceous fraction- This seems inconsistent with tile erjrlier conciusions 
that the strongest asscc iations were with clay nriitrrais i5L This 
question will no doubt be resolved in the report now in preparation. 

1 did not take the time to sttidy ihe considerable tinioi,rlt of data 
that exist on the relative separations of Pu and Am. 

A,i the time of rcy fi;-si visit i noted t.he paucity :>i i:-~forrnat-ion 
on the tota 1 amourIt of Pi; and Am present in tne ?a \ oaltai-es so i 7 . 
Ai that time ijr. Irenzo estimated that the total PC C:ll-ltent ~2 be 
less than 40 Ci. but he noted that there were few ciatd to support 
his estimate. tie has, however, undertaken detailed anrjiysis of the 
soiis at Station 2, which is the most contaminated part of Palomares. 
ijn the basis of these measurements he estimates iha i duout 25 C i jr-e 
present on J 2500 sq.m- tract- I discussed with hi111 ti>r impor- tance of 
extending these measurements to the entire CCIfItalll~Jia~~~~ L-act, 
since th‘is would great iy add to tha value of whatever motiels ior 
W-Jb’irQrmeJ3t&3~ t:-arlSpCJrt are deVelC@eti frOlll the Peioma:-es studies. 
He stated that this could be done in a few months, but that 
additional funding might be needed. 
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Contamination of Vegetation 

Tomatoes, barley, and alfalfa have been the main crops since the 
time of the accident, with much lower production of melons, 
peppers, corn, and other vegetables. It is well known that 
absorbtion of the actinide elements by plants is minimal, and the 
analytical procedures are difficult because of the large sample 
sizes (5 to 10 kg) required. It is also necessary to differentiate 
between plutonium that has been absorbed metabolically into the 
plants from that present as surface contamination due to dusting 
or rain splatter- This is accomplished by thorough washing of the 
vegetables or restricting the analyses to the parts that 
are eaten- Tomatoes can be peeled. for example, or beans can be 
removed from the pods. 

Typical data on the plutonium content of vegetables grown in 
Palomares have been published by the Spanish investigators, and are 
given in Table 1 and 2 (3)- These are very low values, the dosimetric 
implications of which are nil. Nevertheless, the concentration 
factors (Pu/gm soil/ Pu/gm vegetable are higher than the values 
reported by other investigators. The Palomares investigators are 
aware of this and will discuss the reasons in the report now being 
prepared - 

Air Studies 

The extent to which plutonium resuspends into the atmosphere as a 
result of wind or mechanical action is generally accepted as the 
main index of potential risk in an area contaminated by plutonium. 
Six air sampling stations were originally established, using 47 mm 
diameter cellulose filters through which air is drawn at a rate of 
62-5 l/m. The filter head is located l-7 m above the ground, and 
the filters are normally changed every 24 hours, Because of the 
low concentrations of plutonium encountered, the filters from each 
of the sampling stations are cornposited every ten days for 
analysis by methods that include chemical separation, 
electrochemocal deposition, and alpha spectrometry. Plutonium 
239/240 recoveries are estimated by adding Pu-242 as a tracer. 

For various reasons, not all of the stations have been maintained 
during the entire period of the study- However, there is a full 
record for two of the stations, indicated as Stations 2-l and P in 
Figure 1. Station P is located in the small village of Polomares. the 
population of which is currently about 760. Station 2-l is located 
in a valley. the hills of which surround the region of maximum 
contamination produced by one of the bombs that was destroyed. The 
station is located about one kilometer NE of the point of impact. 
Only the data from these two.stations will be discussed here. 

The annual average concentrations for the two stations are 
summarized in Table 3 for the 15 year period, 1966-1980. More 
recent data will be included in the report now being prepared, For 
puposes of comparison, the data for the period 1966-1974 are 
listed in Table 4 with data collected at control stations in 
Northwest Italy and. New York City. Airborne Plutonium 239 has been 
detectable worldwide in tropospheric air as a result of of nuclear 
weapons tests prior to the 1963 ban on nuclear weapons tests in 
the atmosphere. Most of that plutonium was InJected into the 



* str.atosphere, from which slow transfer to the troposphere has been 
occurring. The following conclusions can be drawn from Tables 3 
and 4: 

1, The concentration of airborne plutonium has been 
elevated above “background” for all years at the station in the 
village of Palomares, and 11 out of 15 years at station 2-l. 

2. The annual average airborne concentrations in New 
York and northwest Italy are comparable (1.5 and l-7 uBq/ms) 
during the 15.year period. The annual average concentrations for 
stations P and 2-l were elevated by factors of 2-5 and 48 during 
that period. 

3. During the two year period 1973-4, the concentrations 
in New York and Northwest Italy were 0.70 and 0.95 uBq/ms. These 
values are lower than the 15 year average for the two stations, 
reflecting the diminution in the residual stratospheric inventory 
accumulated during the period of weapons testing. Durihg the same 
period Stations P and 2-l were higher than the controls by factors 
of 3.9 and 6.8 respectively. 

4. The values within the town of Palomares show a 
tendency to increase towards the end of the IS year period, This 
might be the result of contamination of the streets with soil 
carried into town from the more heavily contaminated agricultural 
areas by farm equipment, people, and farm animals. The higher 
values at Station 2-l are attributed by the Spanish investigators 
to be due to the opening of new land to cultivation. 

5. Because the data are obtained from fixed stations, 
they do not include exposures of people working in ,the fields. 
Operators of farm equipment when the fields are dry are probably 
exposed more heavily than is indicated by the data collected at 
the fixed stations _ 

Human Measurements 

For the purpose of risk assessment, the most meaningful 
measurements have been those concerned directly with evidence of 
human absorption of plutonium. These measurements have been of two 
types, urinanalysis and whole body counting. The data obtained by 
urinanalysis has made it possible to estimate the amounts of 
plutonium deposited in the bodies of the Palomares residents and 
the dose received. 

Urinanalysis. 

By 1988, twenty four hour urine samples from 93% of the Palomares 
residents had been collected and analyzed for plutonium at least 
once- As for other types of samples, the plutonium is separated 
chemically after adding Puzd2 as a tracer, The lower limit of 
detection (LLD) is 0.37 mBq/day (10 fCi/day), which compares 
favorably with laboratories in the US, and corresponds to a 50 
year committed effective dose equivalent of about 18 mSv (1.8 
rem) _ 

Of 1815 assays. 92% were below the lower limit of detection, Only 
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i14 people were above the LLD. The estimated 50 year committed 
. effective dose equivelent for these subjects are (6j: 

Estimated Oose 
mSv (rem) 

Number of People -- 

20-50 (Z-5) 22 
50-100 (S-10) 22 
100-200 (10-20) 11 

By the urinanalysis methods that have been in use, effective dose 
commitments as low as 1.8 rem can be estimated. The investigators 
are interested in using fission track analysis, which would 
greatly reduce the lower limit of dose estimation. They will no 
doubt discuss the matter when they visit Washington this summer. 
They understand that it will be necessary to rely on Taboratories 
in the U-S. for the time being, but would like to send a technIcian 
to the States for a period of training, with the object-ive of 
eventually developing the ability to perform the enalyses in Madrid. 

Whole Body Counting 

Whole body counting of Pu239 is based on detection of either the 
soft penetrating radiation from its decay, or the slightly more 
penetrating radiation emitted by its americium daughter product. 
The Madrid laboratory is equipped with a phoswich whole 
body counting system with which they have been making chest measurements 
on about 100 Palomares residents per year. All measurements have 
been below the LLD of 814 Bq (22nCi). 

Medical Followup 

Each year 150 of the Palomares residents are taken to Madrid for 
medical examinations, urinanalysis. and whoTe body counting. The 
examinations are more extensive than needed and include complete 
batteries of biochemical studies that go far beyond what could 
possibly be useful in following a plutonium contaminated cohort. 
The project director knows this but does not believe it is 
desirable to reduce the scope of the examinations because it would 
be upsetting to the residents. 

One weakness in the program results from the difficulty of 
obtaining samples of human tissue for radiochemical analysis. This 
is due primarily to objections to autopsies on religious grounds. 
Tissue samples might also be useful, and could possibly be 
obtained from residents who 90 to surgery. However, the population 
is sma’ll. and they go to several cities when surgery is requi-red. 
The project director does not believe it would be possible to 
devise a practical system for obtaining samples, 
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